INTRODUCTION
============

Vaginismus is a condition causing vaginal examination to be almost impossible due to the spasm of 1/3 of the vagina \[[@b1-pi-2019-0331]\]. It is usually classified under the name of sexual pain disorders. Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition (DSM-5) defines vaginismus as failure of vaginal penetration and significant fear or anxiety felt while waiting for penetration or during penetration \[[@b2-pi-2019-0331]\].

Recently, disgust has been propounded as a potential etiological factor in certain sexual dysfunctions such as vaginismus \[[@b3-pi-2019-0331]\]. It is thought that disgust occurs as the first zone of defense to protect human against contamination by contagious agents \[[@b4-pi-2019-0331]\]. A theorem asserted based on this opinion links unintentional contraction of pelvic floor muscles in vaginismus to the perception of sexual intercourse as a potential contaminator \[[@b5-pi-2019-0331]\]. The points that need particular emphasize during treatment of vaginismus can be listed as follows; fear of penetration, phobic avoidance, disgust, and anticipatory anxiety. Among these components, disgust in particular is thought as a factor that makes treatment difficult \[[@b1-pi-2019-0331]\].

In the literature, disgust has been studied rather in specific phobia \[[@b6-pi-2019-0331]\], obsessive compulsive disorder (OCD) \[[@b7-pi-2019-0331]\], and posttraumatic stress disorder (PTSD) \[[@b8-pi-2019-0331]\]. Its neurobiology has been investigated especially in OCD patients dwelling on the role of insular cortex \[[@b9-pi-2019-0331]\]. A functional imaging study reported that insular cortex is activated as a response to disgust in both healthy participants and OCD patients \[[@b10-pi-2019-0331],[@b11-pi-2019-0331]\]. Considering that disgust is a factor that makes treatment difficult, it can be thought that metabolic disorder of the insular cortex may be important role at response to group therapy in vaginismus patients.

H-magnetic resonance spectroscopy (H-MRS) is a noninvasive method for in-vivo detection of endogenous tissue metabolites. When it is applied at 3 Tesla to the human brain, it allows estimation of neurobiological structure of the brain at that moment based on the concentrations of 17 different neurochemical substances \[[@b12-pi-2019-0331]\]. For this reason, we as well aimed to compare N-acetyl aspartate (NAA), Creatinine (Cr), Glutamine (Gln), Glutathione (GSH), Choline (Cho), Myo-inositol (mIns), Glutamate (Glu) and Lactate (Lac) concentrations measured in the insular cortex by HMRS between benefited from group therapy and unresponsive to group therapy.

METHODS
=======

For the mean insular cortex metabolite change determined by MRS to be 6.5 units in the vaginismus patients, at least 23 patients was required to be enrolled into each group by taking α as 0.05 and 1-β (power) as 0.80 in the power analysis. Patients were selected among the subjects who have been diagnosed with vaginismus based on DSM-5 diagnostic criteria on an interview performed by a psychiatrists using SCID and who had participated in a sexual therapy program moderated by a trained psychiatrist. Twenty-six patients that have benefited from 8-week therapy and 25 patients with failed sexual penetration after 8-week group therapy, who were considered as the unresponsive to group therapy group, were enrolled into the study. Golombok Rust sexual satisfaction scale female version was applied to each patient before and after therapy. Response to treatment was determined as sexual penetration formation and a decrease in vaginismus subscale scale scores. HMRS was planned in the patients who had no history of medication in the last 3 months, were not smokers and have given informed written consent. All of the patients completed HMRS scanning, and none of the patients were excluded. All of the patients and the controls underwent detailed examination and clinical evaluation to exclude any neurological or psychiatric comorbidity. Patients with clinically significant major depressive disorder, bipolar disorder and/or psychotic disorder, history of clinically significant personality disorder, substance abuse or addiction, history of seizure or any other neurological disorder, closed head trauma together with loss of conscious, and mental retardation were excluded.

Study protocol was approved by the local Ethics Committee of Inonu University School of Medicine (protocol no: 2019/115). The study was performed in accordance with the principals of "Helsinki Declaration of Human Rights-2013" as well as "Good Clinical Practice." The study was financially supported by Inonu University Research Projects Unit with the project no 2019-1855.

1H-MRS neuroimaging procedures
------------------------------

All patients underwent MRS imaging at the Inonu University School of Medicine, Radiology Department on a 3T MR device (Magnetom Skyra-Siemens, Erlangen, Germany) using of a 20-channel phase array head coil. To determine voxel localisation and exclude parenchymal lesions, T1-weighted sagittal three-dimensional magnetisation-prepared rapid-acquisition gradient echo and T2-weighted fluid-attenuated inversion recovery axial-sagittal images were obtained, respectively (TR: 2,300 ms; TE: 2.98 ms; slice thickness: 1 mm; FOV 256 mm; matrix size: 240×256). After ruling out pathological lesions on the T2 sequence, thin slice images (1 mm) at three orthogonal planes (sagittal, axial and coronal) were obtained by multiplanar reconstruction. We placed a single 13×10×7 mm volume of interest in left insular cortex ([Figure 1](#f1-pi-2019-0331){ref-type="fig"}). We made manual shimming to enhance local magnetic homogeneity in the voxel. Subsequently, single voxel spectroscopy-short echo spectroscopic imaging was performed using a point-resolved spectroscopy sequence (TR: 20,00 ms, TE: 30 ms). After the imaging procedure, the spectroscopic data sets were transferred to a work station, and peak metabolite ratios were calculated automatically using software (Syngo.via, SiemensHealthineers, Erlangen, Germany). The integral values of the metabolites were proportionate to that of Cr, which was used as the reference metabolite \[[@b13-pi-2019-0331]\].

Statistical analysis
--------------------

Statistical analyses were performed using the Statistical Program for Social Sciences for Windows, version 17.0, software (SPSS Inc., Chicago, IL, USA). Normality of the data distribution was assessed using the Shapiro-Wilk test. The data were summarized with median, minimum and maximum values and Mann Whitney U test was used for comparison because data not following a normal distribution. Categorical variables were indicated by number and percentage. Pearson exact test was used in the comparisons. A p-value \<0.05 was considered significant.

RESULTS
=======

The study comprised 25 unresponsive to group therapy vaginismus patients and 26 patients benefit to the group therapy. The median age of the groups was 27 (19--45) years and 28 (22--41) years, respectively; there was no statistically significant difference between the groups (p=0.125). However, significant difference was determined between the groups in terms of education level (p=0.018). Of the unresponsive to group therapy group, 20% was secondary school graduate, 40% was high school graduate and 40% was college graduate; whereas 30.8% of treatment responders were high school graduates and 69.2% were college graduates.

In the group that responded to group therapy, the Golombok Rust sexual satisfaction scale vaginismus subscale score was 6.08±3.15 at before therapy, 3.52±2.97 at after therapy. The difference between them was statistically significant (p=0.0001). In the group that did not respond to group therapy, Golombok Rust sexual satisfaction scale vaginismus subscale score of 6.18±3.12 at before therapy, was 5.89±2.56 at after therapy. The difference between them was not statistically significant (p=0.77). There was no difference between the two groups in terms of pre-therapy scale scores (p=1.00).

Comparing insular cortex metabolite concentrations between the groups, it was observed that Cho concentration was statistically significantly higher but mIns concentration was statistically significantly lower in the unresponsive to group therapy group (p=0.005 and p=0.001, respectively) ([Table 1](#t1-pi-2019-0331){ref-type="table"}).

DISCUSSION
==========

To our knowledge, the present study is the first study comparing insular cortex metabolite concentrations between unresponsive to group therapy and benefit to the group therapy vaginismus patients. Our results indicate high Cho and low mIns concentrations in the insula of the unresponsive to group therapy vaginismus patients.

Being considered as an important factor in the development of various mental disorders, disgust has attracted the investigators' attention. In one of these studies, increased hemodynamic responses were detected in the anterior insula and putamen via functional MR imaging along with the presentation of the pictures of facial expressions of disgust \[[@b14-pi-2019-0331]\]. Insular activation was observed also during stimulation with bad odor. Earlier studies indicate the importance of basal ganglia and insula for the emotion of disgust \[[@b15-pi-2019-0331]\]. Survey studies, exposure studies and neurobiological experiments provide evidences that disgust is a core feeling in OCD, certain phobia (blood and injection phobia, spider phobia) and eating disorders \[[@b16-pi-2019-0331]\].

Disgust may cause sexual problems by preventing sexual arousal and by motivating avoidance of sexual intercourse. Earlier studies demonstrated that women with vaginismus show tendency to feel extreme disgust against sexual stimulators \[[@b17-pi-2019-0331]\]. There are numerous studies verifying the opinion that the difficulty women experience with vaginal penetration during vaginismus occurs partially because of disgust \[[@b18-pi-2019-0331]\].

The opinion whether disgust makes the treatment difficult is debatable. The fact that some patients do not show improvement even they have completed the group therapy sessions while some patients showing improvement in the first sessions of group therapy could be attributed to various factors, one of which is disgust \[[@b1-pi-2019-0331]\].

An important outcome of the present study is impaired insular cortex metabolism observed in the unresponsive to group therapy patients. Because of documented relationship between this region and disgust, this can be considered responsible for unresponsive to group therapy in the patients. This result is consistent with both the studies stating that disgust is an important feeling in vaginismus patients and the studies suggesting that insula plays a role in the neurobiology of disgust \[[@b9-pi-2019-0331],[@b18-pi-2019-0331]\].

Another important point is the fact that impairment in insula was detected in Cho and mIns metabolites. Cho is required for the synthesis and secretion of acetylcholine \[[@b19-pi-2019-0331],[@b20-pi-2019-0331]\], which is a critical neurotransmitter that mediates memory storage. Cho has significant effect on the developing brain, thus any Cho disorder is potentially devastating \[[@b21-pi-2019-0331]\]. It has been suggested that high Cho concentrations indicate increased cell transformation \[[@b22-pi-2019-0331]\]. Several MRS studies performed on anxiety patients report elevated Cho levels in some regions of the brain. The authors attributed this to the changes in myelination or signal conduction \[[@b23-pi-2019-0331]\]. This is consistent with the results of the present study. High Cho levels in the insula indicates impaired metabolism of this region in treatment-resistant vaginismus patients as well as this region's causing unresponsive to group therapy by playing a role in higher commitment of fear and anxiety to memory.

mIns is the biologically most active stereoisomer of the cerebral inositol. Intracellular phosphatidyl inositol, which is bond to various neurotransmitters such as serotonin, dopamine and glutamate and accordingly changes the concentrations of various neurotransmitters in the brain including serotonin, is the component of second messaging system \[[@b24-pi-2019-0331]\]. A study investigating postmortem depression patients found low mlnsconcentrations \[[@b25-pi-2019-0331]\]. Mlns has not been studied enough in anxiety disorders or in other psychiatric disorders. Although it is difficult to establish a causal relationship between vaginismus and mlns and/or unresponsive to group therapy based on the outcomes of the present study, it can be considered as its neurobiological reflection. However, whether or not the outcomes are incidental needs to be verified in repeated and longitudinal studies to establish a causal relationship.

A significant feature that makes the study outcomes powerful is the exclusion of psychiatric comorbidity, which might influence the results. Nevertheless, the study has some limitations as well. First is the small sample size of the study group. Second, only the insular cortex was investigated excluding the other regions. Third, the outcomes do not reflect a causal relationship because of the cross-sectional design of the study.

In addition, the education levels of the group that responded to group therapy were higher. This may have led to more adaptation to therapy and a greater understanding of cognitive expressions. This can be a confounding factor in interpreting the results. Comparisons between cases in which education levels are equal will enable more accurate interpretation of the results.

In conclusion, the results of this MRS study revealed the existence of metabolic changes in the insular cortex of vaginismus patients who were unresponsive to group therapy. These changes may lead to better understanding of physiopathological mechanisms of unresponsiveness in the vaginismus patients who do not benefit from group therapy. The reproducibility of our results would be possible with further investigations with respect to this subject. Our preliminary findings are not sufficient to establish a causal relationship between vaginismus, disgust and insular cortex. However, we think that our results are of importance as the first study providing information about the chemical microstructure of insular cortex by MRS method and that might be focus of interest for further investigations regarding this issue.
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###### 

Comparison of brain metabolite ratios measured in insular cortex between groups

            Unresponse to group therapy group (N=25)   Responsive to group therapy group (N=26)   p value                           
  --------- ------------------------------------------ ------------------------------------------ --------- ------- ------- ------- -------
  Age       27.00                                      19.00                                      45.00     28.00   22.00   41.00   0.125
  NAA/Cr    1.76                                       1.49                                       2.67      1.73    1.16    3.20    0.610
  Cho/Cr    1.16                                       0.86                                       1.59      0.98    0.63    1.43    0.005
  mIns/Cr   1.09                                       0.18                                       1.70      1.49    0.66    3.50    0.001
  Lac/Cr    0.23                                       0.00                                       0.71      0.22    0.00    1.08    0.532
  Glu/Cr    2.64                                       1.29                                       4.52      2.94    0.98    4.76    0.132
  Gln/Cr    0.16                                       0.00                                       2.59      0.00    0.00    1.24    0.058
  GSH/Cr    1.02                                       0.09                                       1.73      0.96    0.57    2.11    0.836

N: number of samples, NAA: N-asetyl aspartate, Cho: choline, Cr: creatine, Lac: lactate, mIns: myoinositol, Glu: glutamate, GSH: glutathione, Gln: glutamine
